3GPP TSG RAN WG2 #69
R2-101393
San Francisco, USA, 22nd – 26th February 2010
Agenda item:

7.1.4
Source:
ITRI
Title:
Further considerations on radio link failure 
Document for:

Discussion and decision
1
Introduction

The radio link failure (RLF) in LTE Rel-8 is detected by RRC as follows [1]:
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After RLF, the UE either leaves RRC_CONNECTED state or initiates the RRC connection re-establishment procedure. From RRC specification, in general there are three factors which may result in the radio link failure. Among these three factors, the timer T310 expiry can be treated as a PHY event (since it is caused by radio problem), the random access problem indication can be seen as a MAC event and finally the indication from RLC that the maximum number of retransmissions has been reached can be categorized as an RLC event. In addition, the MAC and RLC events are mainly for detecting UL radio link failure while the PHY event is mainly for detecting DL radio link failure. 
In LTE-A, because multiple component carriers (CCs) are adopted, the definition and procedures of the radio link failure should be re-considered. In the RAN2#67bis meeting, some agreements about radio link failure are made as follows: 

	Agreements:

1)
Problem detection on one CC does not necessarily imply re-establishment triggering

2)
Re-establishment is triggered if all PDCCH CCs fail
FFS if re-establishment is even triggered under more restrictive conditions (e.g. in case of problems on an even smaller subset of CC’s).

3)
Re-establishment  is triggered when we loose all UL communication

4)
RLC layer re-establishment triggering remains the same as Rel-8.


According to the above agreements, RLC event for RLF in LTE-A will be kept the same as in LTE Rel-8.  Therefore, we need to further study the PHY event and MAC event for detecting the radio link failure. This contribution aims to discuss the definition and related procedures of the radio link failure in LTE-A based on the above agreements.
2 Discussion
2.1 PHY event (DL CC RLF)
For the PHY event, we need to revisit the physical layer problem in LTE Rel-8[1]: 
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After receiving N310 consecutive “out-of-sync” indications from lower layers, the RRC detects the physical layer problem and starts timer T310. If RRC does not receive N311 consecutive “in-sync” during timer T310 running, the UE considers the radio link failure after timer T310 expires. 
For LTE-A, because each CC has an individual PHY component and experiences the different radio channel from other CCs, the physical layer problem could occur in each CC, i.e., “out-of-sync” in each CC. Therefore, the “out-of-sync” indication should be counted per CC basis. On the other hand, RRC should be able to differentiate the “out-of-sync” indications from different CCs. Therefore, the physical layer problem should be detected by each CC and the detection scheme in LTE could be re-used in LTE-A. In order to differentiate the physical layer problem between LTE-A and LTE, we would like to define further by using “CC physical layer problem” to represent the physical layer problem of a CC in LTE-A. 
Proposal 1: The detection of “CC physical layer problem” in LTE-A is the same as the detection in LTE. 

The radio link failure means that the DL or UL communication is disconnected between the UE and the eNB. In LTE, there is no problem for defining the radio link failure. In LTE-A, due to the fact that multiple CCs are used, it is not easy to define the radio link failure. Therefore, we first define the “CC radio link failure” (CC RLF). When a CC physical layer problem has been detected also without recovery during the pre-defined time, the CC radio link failure is declared after the pre-defined time (T1). An example is shown in Fig. 1.
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Fig. 1 CC radio link failure
The RLF would cause the RRC connection re-establishment in LTE Rel-8. However, the CC radio link failure may not cause the RRC disconnection. As the agreement says “Re-establishment is triggered if all PDCCH CCs fail”, we may first consider the DL CCs on which the UE monitors PDCCH for DL CC radio link failure as the baseline. More restrictions for DL CCs may depend on the discussion of extension carrier in RAN1 and the discussion of Primary Carrier Component (PCC) in RAN2, since RAN1 has not decided whether there is extension carrier in LTE Rel-10 and RAN2 has not decided whether there is a PCC in LTE Rel-10 and what functions a PCC should provide.
Conclusion1: Whether a DL CC is detected by a UE for CC radio link failure detection may depend on the discussion of extension carrier in RAN1 and the discussion of primary carrier component in RAN2.

When a UE detects CC radio link failure on a PDCCH CC before all PDCCH CCs fail, it seems reasonable to report the detection to the eNB so that the eNB can avoid scheduling data on this failed CC. Furthermore, based on the report, the eNB can reconfigure the CCs with addition/removal to deal with the CC radio link failure.

Proposal 2: When a DL CC radio link failure is detected, the UE needs to report the DL CC radio link failure to the eNB except the last DL CC radio link failure.

There are three possible options to report the DL CC radio link failure to the eNB.
Alt. 1: The measurement report.

Alt. 2: The CQI report, e.g., by reporting CQI=0.

Alt. 3: The new report scheme using L1 signalling or L2 signalling.

Alt. 1 can provide detailed information about the DL CC radio link failure, but it may suffer from longer processing delay. Alt. 2 can provide fast reporting but whether CQI=0 can represent CC radio link failure should be confirmed by RAN1. If Alt.1 and Alt. 2 are not suitable to report the DL CC radio link failure, RAN2 needs to consider a new report scheme as Alt. 3. 
Proposal 3: Is Alt. 1 or Alt. 2 enough to report DL CC radio link failure? If not, we need to consider a new report scheme using L1 signalling or L2 signalling.
2.2 MAC event 
The random access problem means that the number of preamble retransmission reaches the maximum value. In LTE, random access problem could be seen as an indication of the UL or DL radio link failure due to preamble reception failure in the eNB, and the RAR reception failure or contention resolution failure in the UE. In LTE-A, the random access problem may not imply radio link failure, because the random access procedure is only performed in one CC at a time according to current agreement. But, we need to wait the conclusion of multiple TA issue before we examine the MAC event. 
Conclusion 2: We need to wait the conclusion of multiple TA issue before we examine the MAC event. 

3 Conclusion

In this contribution, we would like to kindly ask RAN 2 to consider the following proposals.
Proposal 1: The detection method of “CC physical layer problem” in LTE-A is the same as the detection method in LTE. 

Proposal 2: When a DL CC radio link failure is detected, the UE needs to report the DL CC radio link failure to the eNB except the last DL CC radio link failure.
There may three alternatives to report the DL CC radio link failure to the eNB.

Alt. 1: The measurement report.

Alt. 2: The CQI report, e.g., CQI=0.

Alt. 3: The new report scheme using L1 signalling or L2 signalling.
Proposal 3: Is Alt. 1 or Alt. 2 enough to report DL CC radio link failure? If not, we need to consider a new report scheme using L1 signalling or L2 signalling.
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5.3.11.3	Detection of radio link failure


The UE shall:


1>	upon T310 expiry; or


1>	upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or


1>	upon indication from RLC that the maximum number of retransmissions has been reached:


2>	consider radio link failure to be detected;


2>	if AS security has not been activated:


3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';


2>	else:


3>	initiate the connection re-establishment procedure as specified in 5.3.7;





5.3.11.1	Detection of physical layer problems in RRC_CONNECTED


The UE shall:


1>	upon receiving N310 consecutive "out-of-sync" indications from lower layers while neither T300, T301, T304 nor T311 is running:


2>	start timer T310;





5.3.11.3	Detection of radio link failure


The UE shall:


1>	upon T310 expiry; or


1>	upon random access problem indication from MAC while neither T300, T301, T304 nor T311 is running; or


1>	upon indication from RLC that the maximum number of retransmissions has been reached:


2>	consider radio link failure to be detected;


2>	if AS security has not been activated:


3>	perform the actions upon leaving RRC_CONNECTED as specified in 5.3.12, with release cause 'other';


2>	else:


3>	initiate the connection re-establishment procedure as specified in 5.3.7;








